Technologies to stabilize
soil organi c carbon and farm productivity,
promote waste value
an d climate change mitigation

DESCRIPTION
The LIFE CarbOnFarm project is part of the funding plan adopted by
the European Commission for the development of environmental policies
through the “LIFE + Environmental Policy and Governance programme”. The
main aim of the project is to address the priority actions for the protection
of the soil. In particular, the LIFE CarbOnFarm project is concerned with
the adoption of sustainable methods for the management of the organic
matter in agricultural soils in order to preserve their long-term fertility.
The themes of the project are inspired to the indications provided by the
European Commission in the Soil Thematic Strategy, that includes studies,
programmes and tools to support the policies for the soil safeguard in the
European countries.
The core aspect of Soil Thematic Strategy deals with the use of soils in
agricultural and forest ecosystems, where the application of intensive
techniques led over time to a progressive degradation of the soil quality
and to the loss of the organic
matter content. The decrease
in soil organic matter has an
immediate effect on the reduction
of its fertility, leading in the
medium term to an increase of
energy needs (and, as a result,
of economic spenditure with
the need for fertilizers, irrigation
and control of adversities) and a
progressive reduction in productivity.

An accurate and reliable global view of organic carbon in the soil is needed in the frame of different
UN conventions, such as the UN Climate Change and Desertification Convention (UNCCD) (https://
www.unccd.int/), and specificcally as part of the Sustainable Development Goals (SDG) (http://www.
fao.org/sustainable-development-goals/en/). At national level, such data can be used as carbon resources of the reference soil, with the aim of refining national inventories of greenhouse gas and
assessing soil sensitivity to degradation and climate change.
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In the long run, the decline in soil quality becomes irreversible, as it is
showed by the increase of erosion and desertification processes.
These issues, common in most European countries, are more evident
in the countries of the Mediterranean area (Greece, Italy, Spain, Southern
France) because of the management methods, the agricultural policies
and /or the pedo-climatic conditions (types, properties and susceptibility
of soils).

organic carbon paper, FAO 2018

An important portion of the EU policies is therefore focused on the
support for sustainable practices of soils management and cultivation,
aiming at the increase of the organic matter in the long run. Improving
the content and stability (sequestration) of the organic matter, through
the adoption of environmentally and economically sustainable practices,
is therefore pivotal, and it can be carried out with the use of high quality
compost.
The project covered three regions: Basilicata, Campania and Piemonte,
with the participation of seven partners (beneficiaries). Moreover, the firm
Marcopolo Engineering SpA (CN) was involved for the supply of compost
from solid biodigest, and the agricultural company Idea Natura (Eboli Salerno), was involved for the field trials on fruit trees, and agricultural
Company Grandi (Torino).
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AIM

The main goals of the project are:
• the improvement of the soil organic matter content and stability;
• the reduction of carbon losses (sequestration);
• the containment of carbon dioxide (CO2) emissions;
• the recovery of chemical, physical and biological fertility with
maintenance of the production yields and reduction of energy inputs.
The main objective is to obtain high quality compost based on the use
of sub-products and crop leftovers obtained from agricultural activities
in the area. In this way, a potential economic and environmental problem
(disposal) turns into an important productive resource.
In addition to the use of compost, the LIFE CarbOnFarm project suggests
the implementation of an innovative technology able to increase stability
The need to reuse agricultural waste by transforming it into possible biological fertilizers is recommended by the recent Community programmes on the circular economy ((http://ec.europa.eu/environment- circular- economy / implementation_report.pdf ) and organic industries (https: //www.
bbi-euro- pe.eu/sites/default/files/awp2018.pdf )
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and reduce the losses of organic matter. The technology is based on the use
of eco-friendly green chemistry products, that carry out an action similar
to the one of natural enzymatic systems, but have a greater versatility and
persistence.
In short, the LIFE CarbOnFarm project:
• promotes the productive and economic valorization of the residual
biomasses from agricultural activities for the purpose of obtaining
high quality compost;
• adopts specific monitoring actions for the acquisition of a wide
range of data illustrating the relationship between land use and
environmental parameters;
• disseminates the project results and demonstrates that the
application of sustainable practises for the management of the
organic matter can effectively combine environmental protection
with crop productivity;
•
promotes knowledge and understanding of the systems that
contribute to the reduction of greenhouse CO2.
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COMPOST AND COMPOSTING
Compost is a product deriving by transformation (composting) of
organic biomasses (crop residues, pruning, cow manure, etc.) due to the
action of microorganisms under particular conditions: adequate presence
of oxygen (aerobic transformation process), equilibrium between chemical
elements and, primarily, an optimal value of Carbon (C)/Nitrogen (N) ratio
of the biomasses used for composting.
Composting includes
an initial phase (active
phase)
of
intense
degradation of the
most labile organic
components with rising
temperatures (65 °C)
and suppression of
harmful or dangerous
microorganisms
for plants, animals
and
humans
(pasteurization).
The
next phase of maturation (curing phase) is characterized by secondary
transformations that lead to the increase in concentration of the components
most active in agriculture, represented by humic substances or humus.
The obtained mature compost differs according to the typologies of
residues used for their production. The composition must respect any
limits established by national and European regulations, i.e. the minimum
quantities of C and N, and must contain limited quantities of potentially
dangerous components (i.e. heavy metals). It appear as a dark product,
similar to a soil, and may perform many ameliorative functions in soils for
agricultural use:
• physical fertility: a good state of aggregation with an optimal
ratio between pores of different sizes, able to promote the air
circulation necessary to the development of root systems and
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to improve water retention (lower irrigation needs );
chemical fertility: release of nutrients essential for crops
needs (Nitrogen, Phosphorus, Potassium) and of important
components required at limited quantities (microelements)
but crucial for the good physiological and productive status of
plant species (i.e. Iron, Manganese, Calcium, Magnesium, etc).
High humus contents (humic substances) that, in addition to
the indirect actions on fertility, promote the stimulation of the
plant development through a plant hormone-like action;
biological fertility (biodiversity) and suppressivity:
ensure the development and maintenance of a wide
range of microorganisms (fungi, bacteria, mycorrhiza) and
mesoorganisms (earthworms) in order to improve soil
fertility. Increasing in biodiversity contributes to contrast the
development of undesirable organisms harmful for crops
(phytopathogens); in addition, some substances accumulating
in the mature compost, exert a direct control action against
pathogenic microorganisms (reduction in the use of chemical
products).

ON-FARM COMPOSTING PLANT

The first objective and initial target result of LIFE CarbOnFarm is
represented by the attainment of the on-farm composting facility located
at Prima Luce agricultural farm (SA), partner of the project. The composting
plant, with an extension of about 4.000
square meters, has been conceived for
the optimal recycling of crop residues into
high quality green compost. The technical
and technological characteristics has
been planned and adapted for the
application to the specific requirements
of agricultural productive cycles.
The installation is made up of twelve
simultaneous composting lines with an
aerobic stabilization process based on a
combination of forced aeration system,
with buried air distribution network, and
mechanical turning up of composting
piles. An electronic device allows the
steady check of operative parameters
(temperature,
oxygen,
moisture),
connected to the automatic sprinkler
mechanism for the periodical moistening
of biomasses; the liquid organic fraction
is collected with drain ditches and
conveyed to the dedicated storing tanks.
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The working plan of the on-farm composting facility was tailored
on the specific qualitative and quantitative characteristics of available
agricultural residues provided by local involved cooperative farms, with
a careful evaluation of composition, amount and seasonal variation of
organic biomasses. The technical and structural solutions were fitted to
the peculiar productive chain (fresh vegetables, transformation and byproducts) to optimize the combination of available and required new
equipment, effective composting process, high quality product and
maintenance of economic efforts.
The adopted approach allows a steady and reliable flexible adaptability
of compost quality and performance to the expected unavoidable
periodical variation of biomass input.
In respect to the estimated potential amount of attainable final compost
of 5000 tonnes/year, the large incidence of fresh organic inputs with low
dry biomass (e.g. salads) and the reduced amount of crop residues with
larger lignin fraction (artichoke, pepper etc) result in a current annual
average yield of 3000 tonnes of dry compost, used for the amendment of
about 150 ha of field crops.
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The synthetic scheme of the on-farm composting process is shown in Figure

forest by-products
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mix
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flowchart of the composting process at the “ LIFE CARBONFARM/ PRIMA LUCE” plant

The initial step is the mechanical mixing of the fresh organic fraction
with the woody lignified structuring material.
The mixed biomass is hence translocated in the composting lines in a
trapezoidal pile with a longitudinal extension of 40 m and positioned on
to the specific forced aeration network system, for a duration of about 60
days. In the initial thermic step or active phase, the forced oxygenation and
the maintenance of an adequate moisture level produce intense biological
and biochemical transformation with a raising of the temperature around
the 65°C that allow the sanitization of the bulk biomass and the removal of
pathogens. The final stabilization is obtained with the curing phase, which
last about 4 weeks, and is characterized by the progressive temperature
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decrease and slower biochemical modification with the increase of humus
fraction. The stable mature compost undergoes to a sieving procedure to
obtain a uniform and homogeneous organic material, thereby removing
and recovering the undecomposed woody fragments that will be reused
in the subsequent composting cycles acting also as useful starter of the
active phase. The final step regards the storing of compost either into
bags or bulk piles before the distribution to the farmers
Two main compost are produced:
• Heavy or winter compost, deriving from the crop residues with
a significative content of dry biomass and lignin fraction (pepper,
artichoke, walnut etc) with a final yield of about the 50% of mature
compost on dry weight basis;
• light or summer compost, derived from the utilization of crop
residues with the lower incidence of lignin fraction (salad, fennel,
etc) that produce a final yield of about the 15/20% of final compost
on dry weight basis.
The economic and environmental impacts and sustainability of both
on-farm composting facility and complete processing step (from biomass
acquisition to field distribution) shown in Table has been determined
with the Life Cycle Assessment methodology which include the variable
affecting the so called Global Warming.
The overall process
requires about 208 kg
di carbon anhydride
(CO2eq) for each ton
of dry light or summer
compost, while this ratio decrease to about
150 kg CO2-eq/ton for
heavy-winter compost.
The economic analyses
highlight a final cost of
0,18 and 0.11 € to obtain
one kg of light or heavy
compost, respectively
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PROJECT ACTIVITIES
The Life Projects are carried
out through the adoption of
specific activities which are
aimed to highlight the effective
feasibility of the planned
approaches and strengthen the
diffusion and transfer of project
results and achievements
on local territories, thereby
supporting
a
suitable
replication
of
proposed
strategies
The actions of LIFE CarbOnFarm are based on two operative lines:

Demonstrative activity

the main project target is represented by the application of sustainable
soil organic matter managements, based on the utilization of high-quality
compost on cropping fields.
In order to gain a reliable economic and environmental feasibility,
the used composts were obtained by the recycling of local agricultural
biomasses (crop residues, by-products, livestock slurries etc). In this
respect a specific objective is represented by the realization of an on-farm
composting facility for the production of green compost

Innovative activity

This action involves the utilization of an eco-friendly technology,
performed from a multi-annual research development, concerning the
soil application of bio-compatible products (bio-mimetic catalysts) able
to improve the in-situ biochemical stability of soil organic matter
The soil managements, based on either compost amendment
or application of green-chemistry derivatives, are compared with
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conventional mineral fertilization practices. The proposed methodologies
are applied in five different farming systems, located in Piemonte and
Campania region, thus facing a representative array of crops and cropping
methods

Piemonte

Commercial Farm Grandi - Grugliasco (TO); cropping system: open field
horticultural crops (lettuce, cabbage, broccoli).
Experimental Farm of Agricultural Department of University of Torino
Tetto Frati di Carmagnola (TO); croppinng system: maize

Campania

Commercial Farm Prima Luce - Eboli (SA); cropping system: open field
horticultural crops (endive escarole, pumpkin, broccoli).
Commercial Farm Idea Natura - Eboli (SA) cropping system: orchard
(peach and kiwi).
Experimental Farm of Agriculture Department of University of Napoli Castel Volturno (CA); cropping system: maize
The compost materials used for the soil managements were obtained by
the residual biomasses from local agricultural activities
In Piemonte region, the wide distribution of industrial facilities for
biogas production from animal slurries, result in the large amount of final
solid organic residues; the use of such solid digestate as organic fertilizer,
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either as fresh amendment or after composting process, may represent
a valuable alternative for the environmental, economic and agronomic
valorisation of these organic biomasses. For the project activities located in
Piemonte the soil organic matter management were hence performed by
the application of both fresh and composted digestate produced by a local
company
(Marcopolo
Engineering).
Conversely
in
Campania
region
the basic problem is
represented the scanty
of available organic
materials for appropriate
soil
management
The project strategy
was focused on the
attainment of local onfarm composting facility,
able to reutilize the
agricultural by-products
and crop residues form
the local farms. Besides
the feasible recycling
of organic biomasses in
the productive chain,
this approach allow a
reliable steady check of
biomass composition,
of composting process and of compost quality. In particular the on-farm
composts produced in the LIFE CarbOnFarm project were made by either
mixed manure-based compost (buffalo and cattle manure mixed with
maize straw) in the experimental farm of Castel-Volturno, and by green
compost (crop residues of salads, tomato, artichoke, pepper, trimming,
woody residues etc) in the commercial farms of Prima Luce and Idea
Natura.
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Monitoring activities
In addition to the implementation of the proposed approaches, the LIFE
programme includes also the definition of specific activities (Monitoring
actions) dedicated to the periodical real time evaluation of project results,
aimed to the steady verification of the effective attainment of fixed targets
for the possible application of corrective or adjustment measures.
The monitoring activities of LIFE CarbOnFarm were focused on the
following issues:
• evaluation of composting process and characterization of starting
biomasses and final composts,
• measurements of quantitative and qualitative modification of soil
organic matter pools,
• check of crop yields and quality
• analyses of soil green house gases emission,
• evaluation of environmental and economic impacts of project
strategies
The evaluation processes were hence performed with a combination
of classical analytical protocol, required by the corresponding national
and European regulations (basic compost composition, soil carbon and
nitrogen content, crop yields, nutrient uptakes, fruit quality parameters
etc) with the application of innovative methodologies which provide
an array of useful variables and characteristics (bioactivity of compost
materials, molecular and biological variability of soil organic matter, soil
structural and hydrological properties)
The monitoring action were based on the following analitycal procedures:
• compost characteristics: carbon, nitrogen and phosphorous
content; pH; electrical conductivity (salinity), heavy metals;
phytotoxicity;
biostimulation
and
suppressivity;
analisi
microbiological composition (classical and metagenomic methods);
molecular characterization;
• soil and soil organic matter: aggregate distribution and structural
stability; hydraulic properties; total carbon and nitrogen content;
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molecular composition; organic matter dynamics; microbiological
and enzymatic activities;
agronomic analyses: crop yields; dry biomass; nutrient uptakes
(nitrogen, phosphorous); fruit quality (soluble solids, Brix index,
total nitrogen, polyphenols, antioxidant activity);
green house gases emission: evaluation of gas emission (CO2,
N2O) from both compost materials and field plots:
project impacts: Life Cyle Assessment to determine the
environmental and economic critical aspects of composting
processes, soil organic matter management and associated cropping
systems (energetic and economic budget, increase/decrease of
environmental pollution).
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RESULTS
Quality of composts

The analyzes concerned a non-composted (solid digestate) soil
improver, mixed composted soil improvers and 15 green composts
produced by Prima Luce LIFE+ plant (green composted soil improvers).
Obtained data showed a typical composition of mature and well-stabilized
compost with a good content of organic carbon and total nitrogen and
a C / N ratio between 15 and 27, with the highest value corresponding
to the non-composted solid digestate residue. All compost showed an
optimal content of polyphenols and plant-derivatives (eg lignin); these
molecules are in direct correlation both with the pseudo-hormonal
effect of biostimulation of crop physiological activity, and with the
biochemical stability of the compost and the consequent potential
increase of quantity and stability of soil organic carbon (sequestration).
All compost highlighted the absence of heavy metals and pathogens.
Most of the organic matrices showed, even if with different intensity
depending on the different feedstocks, a positive stimulation effect of
growth in in vivo tests on cress seedlings and a good contrast activity
(suppressivity) towards soil borne phytopathogenic fungi such as
Rhizoctonia and Sclerotinia.
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The metagenomic analysis of the more suppressive and the
less suppressive compost showed substantial differences in their
microbiological composition, both from a quantitative and a qualitative
point of view, suggesting that some microorganisms may play an
important role in determining the suppressivity of a compost.

Soils and soil organic matter

Within LIFE CarbOnFarm project, an innovative methodology was
adopted for the evaluation of soil properties. This technique, called EMI
(Electromagnetic Induction), allows detecting the physical characteristics
of soil composition (texture, structure, aggregation, porosity) and the
hydrological properties (water content) by in situ indirect measurements
of the electric and magnetic fields avoiding soil sampling and laboratory
analysis.
About soil organic matter, organic carbon content increased between 0.7
and 2.5 grams of carbon per kg of soil, depending on the type of soil and
the type of organic soil improver. These values correspond to an increase
that varies from 2 to 10 tons of Carbon / hectare for an arable layer of 30
centimeters equal to 45-80% of the added carbon with the amendments.
Soils treated with bio-compatible products showed a greater stability
of organic matter equivalent to about 1.2 and 3 tons / hectare of organic
carbon compared to untreated soils. Compost supply to the soil led to a
significant increase of the microbiological fertility of the soils, as evidenced
by the increases of some enzymatic activities in the soils compared to
those untreated.

Crop yields

Evaluation of yields and related quality revealed differences of the
response to treatments according to the different crops. In general,
a lower production of maize grain was found for soils treated with
organic materials (composted and/or digested manure) compared to
the traditional management system (mineral fertilizers), with negligible
variations in the physiological state of the plants and the quality of the
production referred to nitrogen and phosphorus concentrations in the
grain. This response is presumably due to the minor and / or delayed
availability of nitrogen during maize cropping cycle in organic treatments,
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in which all the nitrogen is supplied in a single solution as organic nitrogen
at pre-seeding. The mineralization of organic materials is in fact necessary
for the release of nutrients.
The substantial modification of the land management system involves
a transition phase necessary for the achievement of a new ecosystem
equilibrium. At the end of the fourth year of trial, the data showed a
reduction of yield differences, indicating a progressive positive trend
response to the change in the management of the organic fertilizers.
A better response to the addition of compost has been highlighted
in the three commercial companies for both vegetable and fruit crops.
Management systems based on the periodic supply of different organic
materials, such as organo-mineral fertilizers (Prima Luce), manure (Grandi)
and grassing / green manure (Idea Natura), was applied in these companies
for about ten years. It is therefore conceivable that in this period new
balances have been achieved in the soil-plant interaction system based
on the development of microbial biomass adapted to the use of organic
materials. This could therefore have facilitated a faster response of these
soils to the use of compost added in the experimental activities.
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In the Grandi farm, a significant increase of lettuce yield was observed
from the second to the fourth cropping cycle, in soils with addition of
compost and digested compared to the traditional system, without
significant variations in the removal of nitrogen and phosphorus. A minor
effect has been found in the yields of the second crop cycle of each year
(Brassicaceae).
Improvements of commercial traits have also been found for horticultural
crops fertilized with green composts produced by Prima Luce, integrated
with a reduced dose of commercial organic nitrogen.
Trials carried out on fruit trees (kiwifruit and peach) in Idea Natura farm,
with a grassing / green manure management system, showed substantial
maintenance or increases of yields.
A significant improvement was found for the qualitative parameters
(eg content in polyphenols, sugar content, average fruit size etc.) already
after the first year of treatment, suggesting an action of physiological
stimulation by the organic components added to the soils with the green
compost produced within the Prima Luce on-farm composting plant.
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MAIN COMMUNICATION
AND DISSEMINATION ACTIVITIES
In the “download” area of LIFE CARBONFARM project website (www.
carbonfarm.eu), you can download presentations and reports, part of
the informative materials, as well as the reports and surveys carried out
throughout the project.
The workshop videos, the mid-term conference, and the pilot plant are
available on LIFE CAR-BONFARM youtube page, which can be reached from
the website homepage.
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You can find the complete list of dissemination activities on the website
www.carbonfarm.eu at the page dedicated to “events”.
Following you will find a focus on some of the communication and
dissemination activities.
Napoli - 28 November 2012
Press conference: project presentation
A great number of people participated in the press conference, with
numerous interventions dur-ing the final debate.
Potenza - October 2014 – March 2015
Seminars
A series of seminars was held at the SAFE Library of the University of Basilicata
concerning: Impact analysis of the composting plant (LCA); Assessment
of the carbon footprint (CFP) in an agro-zootechnical company; In-depth
information on company composting techniques; Analysis of compost
evaluations and soil organic substance. 260 people attended the seminars.
Eboli (Salerno) - from 7 to 16 October 2015
Guided tours to the Prima Luce composting plant
ALSIA organized a series of guided tours to the composting plant addressed
to the Professional Agricultural Schools
of Marsicovetere, Genzano, Lavello,
Lagopesole and Sant’Arcangelo and
for the Technical Schools of Pisticci and
Lavello in Basilicata region. Over 300
students participated in the project.
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Caramagnola (TO) - 3 November 2014; 6 November 2015
Infonday
Visit to Tetto Frati firm with the
students of Agricultural Sciences
and Technologies (University of
Turin).

Potenza - 26 May 2016
Medium Term Conference
Conference
concerning
the
composting activity on the farm as
well as the first technical and scientific
results achieved by the project after two
years of activity (farmers, technicians,
adminis-trators, institutions in charge
of issuing environmental authorizations
and of carrying out controls, teachers in
agricultural schools and environmental
associations took part in the event).
Overall there were more than 200 participants.
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Potenza, March-May 2017
Demonstrative Days

Portici (Napoli) 3-6 July 2017
Summer School “Organic Substance and Bioagriculture”
A PhD was organized at the
Department
of
Agriculture.
During the activities, addressed
to PhD students and PostDocs of
the Agricultural, Environmental
and Forestry sector, information
were provided on the innovative
features of the research on organic
substance and its interactions with
the agro-ecosystem. In particular,
the aspects related to the
adoption of sustainable methods
in the management of soil fertility
and agricultural production were
analyzed. The school profited from
the contribution of the project
partners as well as from Italian
and international professors and
researchers working in the sector.
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Salerno 29, 30 January 2 February 2018/ Torino 25 May 2018
Workshops
The series of Workshops hold during winter, dedicated to agronomists,
focused on: the legisla-tive aspects of on-farm composting, what composting
is, the main parameters of the process, the quality of the final product, which
composting method is the best one to adopt, the technology so-lutions,
dimensioning interventions, assessment of the substrates availability,
identification of needs to be met; economic, environmental, energetic
evaluations before and after the intervention.
The Turin workshop put in front of each other the world of research and
the local authorities on the subject of composting and organic fertilization,
analyzing the prospects and the future strategies.
Napoli 15 June2018 Final Meeting
Department of Agriculture, University Federico II Portici Naples
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CERMANU - lnterdepartmental Research (enter on Magnetic Resonance
for the Environment, Agri-Food an d New MaterialsUniversità di Napoli Federico Il
prof. Riccardo Spaccin i, te/. +39 081 2539176- riccardo.spaccini@unina.it

DiCE M- Departmentof Europea n and Mediterranean Cultures:
Architecture, Environment, Cultura! Heritage- Università della Basilicata
prof. Giuseppe Celano, te/. +390971 205274- giuseppe.ce/ano@unibas.it

DISAFA - Department of Agricultural, Forestry and Food Sciences,
Università di Torino
prof. Carlo Grignani, te/. +39 011 670 8777- giuseppe.ce/ano@unibas.it
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CREA - Council for agricultural research and analysis of the agraria n economy
- horticulture and floriculture research center -Pontecagnano (SA)
dott. MassimoZaccardelli, te/. +39 089 386211- massimo.zaccardelli@entecra.it

PRIMA LUCE - Agricultural company, Eboli (SA)
dott. Demetrio Esposito, te/. +39 0828 1818400- desposito@terramore.net

ALSIA

ALSIA - Lucana Agency for Development and lnnovation in AgricultureAgricultural Development Area
dott. Rocco Silea, te/. +39 0835 244504- rocco.sileo@alsia.it

REGIONE CAMPANIA - Agriculture Department
dott. Amedeo D'Antonio, te/. +39 081 7967345
amedeo.dantonio@regione.campania.it

